The use of asynchronous sequential circuits has brought many advantages to system development, given the following examples:
Other examples include: a asynchronous sequential system used for solving equations [1] , asynchronous processor [4] , Reed-Solomon error detector used in digital audio systems [5] , high performance divisor circuit [16] , infrared communications processor [3] , parallel processing router processor [2] . Although synchronous sequential systems are widely spread, there is a series of applications that deter their use:
 The circuit has input variables that can change at any given time and cannot be synchronized with the clock signal  If a system in complex enough and the time response of the logic elements is low, it can be hard to assure that the clock signal propagates simultaneous to all the flipflops  The applications has to be fast enough and the system cannot tolerate loss of time due to the clock wait states In such cases, the use of asynchronous sequential system is required. They are not synchronized by a general clock signal; when an input modifies, the state of the circuit may change almost instantaneously.
 All impulse inputs must have a minimum time period, in order to command flip-flops  The time interval between two successive impulses must be long enough for the system to respond accordingly.
ASYNCHRONOUS SEQUENTIAL SYSTEMS CLASSIFICATION
A delay insensitive type of circuit functions correctly regardless of the propagation delay trough circuits and wires. This concept was introduced by Clark and Molnar [1] . A speed independent type of circuit functions correctly regardless of the propagation delay trough circuits. The wires have specific propagation time, this concept was introduced by David Muller [3] . A self timed type of circuit consists of a collection of elements internally temporized, where the propagation delay trough wires are known or negligible. Usually, they are built as speed independent circuits, using time informations [2] . The above circuits function in input/output mode. The general category is represented by the asynchronous circuits [4] . These do not have a global clock signal, functioning using an internal timing. This category includes latches and flip-flops [5] , that have setup and hold periods.
BASIC CONCEPTS USED IN ASYNCHRONOUS SEQUENTIAL SYSTEMS SYNTHESIS DATA COMMUNICATION
When two systems communicate, the receiver must know the moment when the data is available. In a synchronous system, the transmitter puts out the data synchronously with a clock signal. The data must not violate the constraints imposed by the setup and hold time. In asynchronous systems, there is no clock signal, that is why the receiver must be signaled upon start and stop of data transmission. This can be realized by introducing an extra signal named Ack. In asynchronous systems, between two blocks, always one is active while the other one is passive and vice versa. The active block initiates the communication, while the passive one responds to the actions started by the active one. A push channel represents a data channel where data is sent by the active block. The active block sends a confirmation signal to the passive block, indicating the fact that data can be read. A pull channel is a data channel where the active block receives data from the passive one.
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The concept used in the design of asynchronous sequential systems is named handshake and is represented in figure 1.2. The data transfer is started by the source by activating the data signals named Data and Strobe, while the recognition is realized by the recipient by generating a Data Request. If the transmitter wishes the receiver to process data, it sends data on the Data Bus and activates the Strobe signal. When the recipient receives the data it activates the Data Request signal.
The Data Request and Strobe signals are represented by transitions or events. If a parasite signal appears, it can be noticed as an event, and the circuit can enter in a erroneous functional state. The data transfer can be initated by the source or the destination. In the case of a transfer initiated by the destination, figure 1.2. 
CIRCUIT MODELS
A complete circuit represents a closed system composed of two parts: the circuit and the environment around it. The model describes the way delays are associated with the logic gates. The environment model describes how it interacts with the circuit.
DELAY MODEL
The delay is an important factor concerning sequential systems [2] . There are two types of delays: stray delay -it inherits the physical properties of every circuit; delay elements -they are added by the designer. The stray delays appear at logic gates as a result of their physical properties, impedance, capacitance, propagation delays in gates and wires. The way a circuit interacts with the environment can be classified in two different categories. The first is known as input-output mode, at it assumes that time constraints are not imposed. In the opposed case, if time constraints are imposed, the circuit functions with timed circuits. The circuit models describe the working mode imposed by the two delay types: stray delay and delay elements. Also we have handle delays and bounded delays. In the case of unbounded delays, any delay can have an arbitrary value for the necessary propagation time. For bounded delays, the values are chosen from an interval. Circuits that use inputs and outputs for environment interaction use the concept of unbounded delays. Circuits that use a specific propagation time when interacting with the environment, use the concept of bounded delays. Common to all circuits that function in input-output mode is the fact that we must know the time at which a command is started and stopped. For example, to be sure all receiving circuits have got a message from the transmitter, the receivers must generate an ACK signal to the transmitter. This signal shows that the sent signals were received and ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume X (XX), 2011, NR1
executed. Circuits that work in input-output mode can be divided into 4 main types of asynchronous circuits. A delay insensitive circuit can have arbitrary inputs corresponding to logic gates or wires. A delay insensitive circuit functions correctly regardless of the propagation delay of the wires. A delay insensitive type circuit is composed of modules and the interconnecting wires. Every module must be designed as the delay variation must not influence the stability of the circuit. Due to acknowledgement signal confirmation for every circuit, in the case of a complex system, the bounded logic can be very complex [3] . So, delay insensitive circuits can be made only by using Muller elements and active low logic gates; the truth table is presented in figure 1.3 . 
If we consider c=y n+1 , then the equation becomes:
A speed independent circuit functions correctly regardless of the propagation delay of the logic gates. In the bounded delay model, the delays in the logic gates and in the wires must be less that a maximum considered value. This is the most common used delay type, although functional problems may appear when considering time constraints. A self timed element can be implemented as an speed independent one using more types of logic gates, by analyzing their response time. The quasi delay insensitive circuits have arbitrary delays in gates and wires as well [3] . A logic gate is a component that calculates instantaneously the value of a logic function, then after a certain delay assign that value at its outputs. For example a AND gate calculates the logic multiplication of the two input values after a certain delay time. A logic gate is stable if the value of the associated logic function matches the output. Also there is are stable wires, which means it has a stable value for a certain amount of time. a logic circuit is stable when each gate and each wire is stable. It can be said that a circuit functions in fundamental mode if its inputs can be modified only after the circuit is in a stable state. A simple way for classifying combinational circuits is regarding the propagation delay. Every circuit class has a different type of delay. For example a circuit model whose logic gates assume arbitrary delays, is not suited for implementing a asynchronous sequential system. Opposite to asynchronous systems, synchronous systems have no reaction speed dependence. The reliability of a circuit also depends on propagation delays and latencies.
CONCLUSIONS
The design of asynchronous circuit is more difficult than the design of synchronous ones considering the propagation delay of signal trough elementary circuits. To simplify the analysis and the design of asynchronous systems, their operation is considered to be in fundamental mode. Operating in fundamental mode means that the input signals can change their state only if the circuit is in a stable state, meaning that no state variable is modifying. In fundamental mode all inputs are considered to be levels. Sometimes there is considered the impulse mode, where the inputs can provide impulses (level variations).
